The genus Psychrosphaera was proposed by Park et al. (2010) and at the time of writing comprises only one species, Psychrosphaera saromensis. This genus belongs to the family Pseudoalteromonadaceae (class Gammaproteobacteria) (Gauthier et al., 1995) . The sole member of the genus is Gram-negative, coccoid-or ellipsoid-shaped and motile by means of one polar flagellum. Psychrosphaera saromensis has been isolated from brackish water just below ice. In the course of our study on the microbial diversity of a marine environment, two rod-shaped and agarolytic bacterial strains, designated PSC101
T and KDW4 T , were isolated and subjected to a taxonomic investigation. An emended description of the genus Psychrosphaera is also proposed.
Strains PSC101
T and KDW4 T were isolated from seawater and an abalone, respectively, collected from the South Sea (34 u 449 N 127 u 449 E) located in the Republic of Korea, using the standard dilution plating technique. Isolation was achieved using a marine agar 2216 (MA; Becton Dickinson) at 25 u C for 7 days. The isolates were routinely cultured on MA and maintained in marine broth (MB; Becton Dickinson) supplemented with glycerol (20 %, w/v) at 280 u C. The reference strain Psychrosphaera saromensis KCTC 23240
T was purchased from the culture collection.
Bacterial DNA preparation, and PCR amplification and sequencing of 16S rRNA gene were carried out as described by Chun & Goodfellow (1995) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxone server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . The novel sequences and related sequences were aligned by using CLUSTAL W (Thompson et al., 1994) , and the alignment was refined using the BioEdit program (Hall, 1999) . Phylogenetic analysis was performed by using the software package MEGA version 5.2 (Tamura et al., 2011) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1993) and maximum-parsimony (Fitch, 1971) algorithms. The distance matrix for the neighbour-joining method was generated according to the model of Jukes & Cantor (1969) . The robustness of the topology in the neighbour-joining phylogenetic tree was evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. (Fig. 1) showed that strains PSC 101 T and KDW4 T formed a monophyletic clade with 100 % bootstrap support and grouped with Psychrosphaera saromensis SA4-48 T , but the two novel strains formed a distinct phyletic line from Psychrosphaera saromensis. The tree topologies inferred from the neighbourjoining, maximum-likelihood and maximum-parsimony algorithms were essentially the same (data not shown).
DNA-DNA hybridization was performed by the membrane filter technique using the DIG High Prime DNA Labelling and Detection Starter kit II (Roche Molecular Biochemicals) according to the method described in detail by Lee et al. (2003) , with the modification that the hybridization T and KDW4
T . Evolutionary distances, generated using the model of Jukes & Cantor (1969) T with PSC 101 T and KDW4 T were 36.2 % and 47.7 %, respectively. Thus, levels of genetic relatedness according to DNA-DNA hybridization experiments were less than 70 %, which leads to the conclusion that strains PSC101
T and KDW4 T represent two distinct novel species (Wayne et al., 1987) .
Agarolytic activity was confirmed when the colony formed a clear zone and depression on commercial agar medium. Cell morphology was observed by phase-contrast (TMS-F; Nikon) and transmission electron (CM-20; Philips) microscopy using cells grown for 3 days at 25 u C in MB. Motility was examined by observing the cells grown in wet mounts using a phase-contrast microscope (TMS-F; Nikon). Flagellation was determined with a transmission electron microscope (CM-20; Philips) using cells grown for 3 days at 25 u C in MB. Sea salts requirement [final concentration: 0-12 % (Sigma), using increments of 1 %] and tolerance to NaCl (0-10 %, using increments of 1 %) for growth were tested on ZoBell's agar (ZoBell, 1941 ; 5 g Bacto peptone, 1 g yeast extract, 0.1 g ferric citrate and 15 g Bacto agar in 1 l distilled water). The growth experiment at pH 4-11 (using increments of 1 pH unit) was performed using ZoBell's liquid medium containing 100 mM acetate buffer, 100 mM phosphate buffer or 100 mM NaHCO 3 /Na 2 CO 3 buffer, for pH 4-5, 6-8 and 9-11, respectively (Yumoto et al., 2004) . Growth was assessed in MA at 4 u C, 10-50 u C (at 5 u C intervals), 37 and 42 u C. The presence of flexirubin-type pigments was tested using the KOH test as described by Bernardet et al. (2002) . Anaerobic growth was tested on MA in a jar containing an AnaeroPak (Mitsubishi Gas Chemical), which works as an oxygen absorber and CO 2 generator, for up to 14 days at 25 u C. Acid production from sugars was tested using phenol red broth base (Becton Dickinson) with a modification that 2 % sea salts solution was used instead of distilled water. The presence of catalase activity was revealed by the production of oxygen bubbles by the cells when mixed with 3 % (v/v) H 2 O 2 on a glass slide. The presence of oxidase activity was determined by Kovacs' reagent (Kovacs, 1956 ). Nitrate reduction was tested in MB containing 0.2 % KNO 3 (Skerman, 1967) . Indole production was determined with Kovacs' indole reagent on SIM agar (Becton Dickinson) supplemented with 2 % sea salts. H 2 S production was determined on Kligler iron agar (Becton Dickinson) supplemented with 2 % sea salts. Hydrolysis of CM-cellulose (1 %, w/v), casein (2 % skimmed milk, w/v), chitin (0.5 %), starch (0.2 %, w/ v), Tween 20 (1 %, w/v), Tween 80 (1 %, w/v) and xylan (1 %, w/v) was tested as described by Smibert & Krieg (1994) using MA as the basal medium. Decomposition of hypoxanthine (0.5 %), L-tyrosine (0.5 %) and xanthine (0.4 %) was tested using MA as the basal medium (Gordon et al., 1974) . Hydrolysis of aesculin (0.1 %, w/v), gelatin (1 %, w/v) and urea (2 %, w/v) was determined as described by Lányi (1987) with the modification that 2 % sea salts solution was used instead of distilled water. DNase activity was determined with DNase test agar (Becton Dickinson) supplemented with 2 % sea salts. Other biochemical tests and enzyme activities were performed using the API 20NE and API ZYM kits (bioMérieux). Antibiotic sensitivity was determined with the disc diffusion method using commercial discs (BBL Becton Dickson) impregnated with the following antibiotics (mg per disc unless otherwise stated): amikacin (30), ampicillin (10), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin G (10 IU), streptomycin (10), tetracycline (30) and vancomycin (30). After 7 days of incubation at 25 uC on MA, the results were interpreted according to the guidelines set forth by CLSI (2009).
Colonies of strains PSC101
T and KDW4 T on MA at 3 days were non-pigmented, circular, smooth, convex, opaque and approximately 2.0-3.0 mm (strain PCS101 T ) or 3.0-5.0 mm (strain KDW4 T ) in diameter. Cells of the two isolates were motile by means of a single polar flagellum (Fig. S1 , available in the online Supplementary Material). Flexirubin-type pigments were not detected. Physiological, morphological and biochemical characteristics are described in Table 1 and in the species descriptions. Several differential phenotypic characteristics were found among strains PSC101
T and KDW4
T and the type strain of Psychrosphaera saromensis.
For fatty acid analysis, cells of strains PSC101 T , KDW4
T and Psychrosphaera saromensis KCTC 23240 T grown on MA for 3 days at 25 u C were harvested (in duplicate). Extraction of fatty acid methyl esters and separation by GC were performed by using the Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the TSBA6 database. Cells grown in MB for 3 days at 25 u C were harvested and freeze-dried for the extraction of polar lipids and isoprenoid quinones. Polar lipids were extracted, separated by two-dimensional TLC and identified by spraying the plates with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Isoprenoid quinones were extracted and purified according to Minnikin et al. (1984) and analysed by TLC as described by Collins (1994) For G+C content calculations, the DNA samples were prepared in triplicate and determined by the thermal denaturation method of Marmur & Doty (1962) .
The cellular fatty acid profiles of strains PSC 101 T and KDW4 T are shown in Table 2 . Common predominant fatty acids (.5 % of total fatty acids) of the two isolates were C 15 : 0 , C 16 : 0 , C 17 : 0 , C 18 : 0 , C 15 : 1 v8c, C 17 : 1 v8c and summed features 3 (C 16 : 1 v7c/C 16 : 1 v6c) and 8 (C 18 : 1 v7c/C 18 : 1 v6c). These fatty acid profiles were similar to that of Psychrosphaera saromensis KCTC 23240 T . However, the amounts of C 17 : 1 v8c and summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c) in the two isolates were much higher than in Psychrosphaera saromensis KCTC 23240 T . Also, there were differences in the amounts of C 15 : 1 v8c and summed features 3 and 8 between strains PSC101
T . The predominant isoprenoid quinone of strains PSC101
T and KDW4 T was UQ-8 (ubiquinone with 8 isoprene units), as in all members of the genera Pseudoalteromonas, Algicola and Psychrosphaera. The polar lipid profile of strains PSC101
T and KDW4 T consisted of the major compounds phosphatidylethanolamine (PE), phosphatidylglycerol (PG), an unidentified aminolipid (AL) and an unidentified phospholipid (PL). The predominant polar lipid profiles of strains PSC 101 T and KDW4 T were distinguishable from that of Psychrosphaera saromensis KCTC 23240 T where an unidentified aminolipid was absent (Fig.  S2) . The DNA G+C contents of strains PSC101
T and KDW4 T were 49.5 and 42.5 mol%, respectively, values higher than that of Psychrosphaera saromensis KCTC 23240 T .
On the basis of the data from this polyphasic study, strains PSC101 T and KDW4 T represent two novel species in the genus Psychrosphaera, for which the names Psychrosphaera aestuarii sp. nov. and Psychrosphaera haliotis sp. nov., are proposed for strains PSC101
T and KDW4 T , respectively.
Emended description of the genus Psychrosphaera Park et al. 2011
The description of the genus Psychrosphaera is as given by Park et al. (2010) with the following modifications. Predominant polar lipids are PE and PG. The G+C content of the genomic DNA is 38.7-49.5 mol%.
Description of Psychrosphaera aestuarii sp. nov.
Psychrosphaera aestuarii (a.es.tu.a9ri.i. L. gen. n. aestuarii of the tidal flat, from where the organism was isolated). . All data from this study unless otherwise indicated. +, Positive; W, weakly positive; 2, negative; NG, no growth; S, susceptible; R, resistant. All strains were orange-coloured and positive for aerobic metabolism; gliding motility; enzyme activity of oxidase, alkaline phosphatase, leucine arylamidase and valine arylamidase; hydrolysis of DNA, and Tweens 20 and 80; and acid production from D-fructose, D-mannose and L-rhamnose. All strains were negative for production of flexirubin-type pigments, indole and H2S; nitrate reduction; activity of a-chymotrypsin, cystine arylamidase, a-fucosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, bglucuronidase, a-mannosidase, lipase (C14), N-acetyl-b-glucosaminidase and trypsin; hydrolysis of chitin, CM-cellulose, hypoxanthine, urea, xanthine and xylan; and assimilation of adipate, arabinose, caprate, citrate, gluconate, malate, maltose, mannitol, mannose, N-acetylglucosamine, phenylacetate and tetramethyl-p-phenylene diamine. All strains were sensitive to (mg per disc): ampicillin (10), chloramphenicol (30), erythromycin (15), nalidixic acid (30) and vancomycin (30), and resistant to amikacin (30), kanamycin (30), streptomycin (10) and tetracycline (30). 
Characteristic
1 2 3 Habitat Seawater Marine invertebrate Brackish water Growth at 37 u C + + 2 Catalase + + 2 Hydrolysis of:Agar + + 2 Aesculin 2 2 + Casein + + 2 Gelatin + 2 + Starch + + 2 L-Tyrosine + + 2 Acid production from: D-Galactose + + NG D-Glucose 2 2 + Lactose + + 2 Maltose + W N G D-Mannitol 2 2 W Sucrose + 2 W D-Xylose
Two novel Psychrosphaera species
Cells are rod-shaped, 0.3-0.4 mm wide and 1.2-1.4 mm long, Gram-stain-negative, aerobic, chemoheterotrophic, mesophilic and motile by means of a single polar flagellum (Fig. S2) . Oxidase-and catalase-positive. Colonies on MA are circular, smooth, convex with an entire margin, nonpigmented and approximately 2-3 mm in diameter after 3 days at 25 u C (pH 7). Growth occurs at 4-37 u C (optimum, 25 uC) and at pH 6-9 (optimum, pH 7-8 Description of Psychrosphaera haliotis sp. nov.
Psychrosphaera haliotis (ha.li.o9tis. N.L. gen. n. haliotis of Haliotis, scientific name of abalones, which the microorganism inhabits).
Cells are rod-shaped, 0.2-0.4 mm wide and 0.8-1.0 mm long, Gram-stain-negative, aerobic, chemoheterotrophic, mesophilic and motile by means of a single polar flagellum (Fig. S2) . Oxidase-and catalase-positive. Colonies on MA are circular, smooth, convex with an entire margin, nonpigmented and approximately 3-5 mm in diameter after 5 days at 25 u C (pH 7). Growth occurs at 4-37 u C (optimum, 20-30 u C) and at pH 6-9 (optimum, pH 7). Produces acid from D-fructose, D-galactose, lactose and D-mannose, weakly from maltose and L-rhamnose, but not from Dglucose, D-mannitol, sucrose or D-xylose. Growth occurs with 1-12 % sea salts (optimum, 2-5 %) or with 3-4 % NaCl. Negative for nitrate reduction and production of indole and H 2 S. Agar, casein, DNA, starch, L-tyrosine, Tweens 20 and 80 are degraded, but aesculin, chitin, CMcellulose, gelatin, hypoxanthine, urea, xanthine and xylan are not. In the API ZYM gallery, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase and valine arylamidase activities are present; but N-acetyl-b-glucosaminidase, a-chymotrypsin, cystine arylamidase, a-fucosidase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase, naphthol-AS-BI-phosphohydrolase and trypsin activities are absent. Cells are sensitive to (mg per disc, unless otherwise indicated): ampicillin (10), chloramphenicol (30), erythromycin (15), nalidixic acid (30), penicillin (10U) and vancomycin (30), but resistant to amikacin (30), gentamicin (10), kanamycin (30), streptomycin (10) and tetracycline (30). Flexirubin-type The type strain, KDW4 T (5KCTC 22500 T 5JCM 16340 T ), was isolated from the gut microflora of abalone collected from the South Sea, Republic of Korea. The DNA G+C content of the type strain is 42.5 mol%.
